Background: Because the mechanisms by which Plasmodium and helminth parasites affect nutritional status are different, these parasites likely have additive effects when they co-exist in a host. This study aimed to compare the prevalence of undernutrition in patients infected with either Plasmodium or helminths and those co-infected with the two types of parasites. Methods: Acute febrile patients suspected of having malaria who attended the outpatient clinic at Dore Bafeno Health Center between December 2010 and February 2011 were examined for Plasmodium parasites using Giemsa-stained thick and thin blood smears and for helminths using the thick Kato-Katz method. Nutritional status was determined using anthropometric indices generated from height and weight measurements. Results: Of the 702 patients examined, 34.5% were infected with helminths alone, 12.3% were infected with Plasmodium alone, and 19.4% co-infected with Plasmodium and intestinal helminths. Out of the patients examined, 44.9% were undernourished. The prevalence of undernutrition was not significantly different between those patients not infected with Plasmodium or helminth species and those infected with Plasmodium or helminth species. The differences in the odds of undernutrition were also not significant between patients who were co-infected with different Plasmodium and helminth species and those with single infections with Plasmodium or helminth species in our multivariable logistic regression model adjusted for the confounding effects of age and sex. * Corresponding author. 
Introduction
Plasmodium and helminth infections are common public health problems in sub-Saharan Africa [1] . Each parasite may cause undernutrition, anemia, cognitive impairment and organ dysfunction [2] . In regions where these parasites are coendemic, co-infections are common and can result in severe morbidity [1, 2] . However, the difference in severity of individual infections and co-infections is unclear [1] . Thus, it is necessary to determine the public health impact of Plasmodium and helminth co-infections to design effective control measures [1] .
The mechanisms by which helminths and Plasmodium parasites affect the nutritional status of individuals are not the same [3] [4] [5] . Helminths affect the physiopathology of the human gastrointestinal wall, leading to intestinal inflammation, reduced appetite, malabsorption and chronic blood loss [3, 4] . Plasmodium infection induces the secretion of inflammatory cytokines, which may in turn result in anorexia and catabolic responses, causing undernutrition in infected individuals [5] . Therefore, the effects of these parasites could be additive when they co-exist in a host. However, supporting evidence is limited [6] .
Because Plasmodium and helminth co-infections are common in most parts of Ethiopia [6] [7] [8] , the evaluation of the implication of these infections on undernutrition is vital for designing an appropriate intervention strategy. Therefore, we compared the prevalence of undernutrition between patients infected with Plasmodium or helminths alone and those co-infected with Plasmodium and helminths.
Materials and methods

Study area and participants
We conducted a cross-sectional study in acute febrile patients suspected of malaria who attended the outpatient department of Dore Bafeno Health Center, Sidama Zone, Southern Ethiopia, from December 2010 to February 2011 [7] . Participants were patients suspected to have malaria who had not taken anti-malarial drugs within the two weeks prior to the examination date. Almost all of the study participants belonged to the Sidama ethnic group and lived in a rural area with a similar lifestyle. Malaria transmission is unstable in the area and occurs mainly from October to December, following the heavy rainy season, and from April to May, following the light rainy season. The daily register of the health center showed the occurrence of Plasmodium falciparum, Plasmodium vivax and mixed P. falciparum and P. vivax-infected cases, indicating that the area is endemic for malaria. A previous study in this health center also documented P. falciparum (54.3%, 146/269) and P. vivax (10.4%, 28/269) infections among febrile patients seeking treatment [9] . Clear data regarding prevalence of undernutrition among communities in the study area were not available. Administration of micronutrient supplementation to children under five and lactating mothers was underway in the area during the study period.
Nutritional status
The heights (to the nearest 0.1 cm) and weights (to the nearest 0.1 kg) of each participant were recorded while the patients were barefoot and in light clothing. A portable digital balance with a wooden board attached with plastic tape was used to measure height and weight. Z-scores were determined using Anthro (for children age < 5) and AnthroPlus (for children age between 5 and 19 years) software (WHO, Geneva, Switzerland) [10, 11] . Based on individual Z-scores, children were grouped as being undernourished or well-nourished [12] . Children were grouped as undernourished when either they were underweight (weight-for-age Z score or body mass indexfor-age Z score < −2), displayed stunted growth (height-for-age Z score < −2) or displayed wasting (weight-for-height Z score < −2). Adults aged 19 and older were grouped as undernourished when their body mass index was < 18.5 kg/m 2 [13] .
Microscopy to detect malaria
Finger prick blood was collected from each patient using a plastic capillary tube. Thick and thin blood films were prepared on a single slide for the diagnoses of malaria and malaria parasite species identification [14] . Plasmodium-positive slides were re-checked by a senior laboratory technician experienced in malaria microscopy under a microscope with a 100× oil objective.
Collection of stool samples and examination for helminth infection
A fresh stool specimen was collected from each participant, and two Kato slides per sample were prepared for microscopic examination [15] . Quantitative examination for hookworms was performed within 45 min of stool collection, while the slides were examined for Trichuris trichiura (T. trichiura), Schistosoma mansoni (S. mansoni) and Ascaris lumbricoides (A. lumbricoides) infections at the Aklilu Lemma Institute of Pathobiology (ALIPB), Addis Ababa University. The average egg counts of the two Kato Katz slides were multiplied by 24 to obtain egg counts per gram of stool for each study participant.
Ethical considerations
This study was conducted after obtaining ethical clearance from the Institutional Review Board (IRB) of Aklilu Lemma Institute of Pathobiology, Addis Ababa University. As the majority of individuals in the population in the study area were illiterate, the IRB endorsed oral consent of the study participants. Permission to conduct the study was also obtained from Awassa Zuria District Health Office and Dore Bafeno Health Center. Only voluntarily consenting individuals were included in the study. For children younger than 18 years, assent was obtained from their parents or guardians. Patients who tested positive for P. falciparum and P. vivax were treated with artemether/lumefantrine and chloroquine, respectively, according to the Federal Ministry of Health of Ethiopia treatment guidelines. Patients who were found to be positive for soiltransmitted helminths (STHs) were treated with 400 mg of albendazole, and praziquantel was used to treat those who were positive for S. mansoni, Taenia saginata and Hymenolepis nana.
Data analysis
Data were computerized using Epi-data version 3.1 software (the EpiData Association, Odense, Denmark) and analyzed using STATA version 11 (Stata Corporation, College Station, TX, USA). The main outcome of interest was undernutrition, which was coded as a binary variable. Proportions were used to quantify the prevalence of undernutrition in each category of infection with Plasmodium and/or helminths. Multivariable logistic regression models were used to assess the impact of Plasmodium and/or helminth infection on undernutrition. Before including the Plasmodium density in the linear regression model, a square root transformation was performed to make the distribution of this variable symmetrical. Odds ratios and corresponding 95% confidence intervals were used to quantify the magnitude of the effects of Plasmodium and/or helminth infection on undernutrition. The results were considered significant whenever p-values were less than 5%.
Results
A total of 702 acute febrile patients (mean age = 18.2 years, male = 361, female = 341) were examined for Plasmodium and helminth infections. Of these patients, 34.5% were infected with helminths alone, 12.3% were infected with Plasmodium alone, and 19.4% were co-infected with Plasmodium and intestinal helminths. Among the 702 participants, 35.9%, 15.8%, 11.7% and 9.8% were infected with A. lumbricoides, T. trichiura, S. mansoni and hookworm, respectively. Similarly, 15.7%, 14.4% and 1.3% of the 702 participants were infected with P. falciparum, P. vivax and both P. falciparum and P. vivax, respectively. Further details regarding the baseline characteristics of the study participants are available elsewhere [7] .
The prevalence of undernutrition was 46.4%, 46.7% and 40.5% in patients infected with helminths alone, Plasmodium alone and co-infected with Plasmodium and intestinal helminths, respectively. A comparable proportion (44.9%) of patients who were not infected with Plasmodium or helminths was also undernourished. The prevalence of undernutrition was 46.7% among patients who were infected with only P. falciparum and 46% among patients who were infected with P. vivax alone. Approximately 56.9%, 50%, 44.4% and 40.7% of patients infected with A. lumbricoides, T. trichiura, S. mansoni and hookworm were undernourished, respectively. The prevalence of undernutrition was also comparable among patients co-infected with different Plasmodium and helminth species ( Table 1 ). The differences in the odds of undernutrition were not significant when comparing patients who were co-infected with different Plasmodium and helminth species and those with single infections of different Plasmodium or helminth species in the multivariable logistic regression model adjusted for the confounding effects of age and sex (Table 2) .
Discussion
In this health center-based cross-sectional study conducted among febrile patients, the prevalence of undernutrition was 44.9%. The prevalence of undernutrition was comparable between the groups of patients who were not infected with Plasmodium and/or helminths and those infected with Plasmodium and/or helminths. Similarly, the prevalence of undernutrition was comparable between patients who were infected with Plasmodium or helminths alone and those co-infected with helminths and Plasmodium.
Because the modes of action of Plasmodium and helminth parasites on the host that leads to undernutrition are different, the observation of a similar level of undernutrition in patients who were infected with Plasmodium or helminths alone and those co-infected with Plasmodium and helminths is contrary to our hypothesis. In The result in each row is generated from one logistic regression model adjusted for sex, age and Plasmodium density. In each regression model, we focused on positive results for both of the indicated parasite, and patients who were positive for either (but not both) of the parasites indicated were used as a reference.
agreement with the current finding, a previous study undertaken in another region of Ethiopia also reported non-significant differences in the prevalence of undernutrition between patients infected with Plasmodium or helminths alone and those coinfected with helminth and Plasmodium [6] . The impact of helminth and Plasmodium infections on the nutritional status of a host depends on intensity and chronicity of the infection [16, 4] . The effect becomes severe in patients with a heavy parasite load and a long history of infection [16, 4] . However, most of the cases in the current study had low levels of Plasmodium and helminth infections. In addition, the small number of patients who were co-infected with Plasmodium and hookworm, T. trichiura or S. mansoni may have hindered the detection of significant differences in the prevalence of undernutrition between patients infected with only Plasmodium or helminths and those coinfected with Plasmodium and different helminth species. Due to differences in the biology of different helminth and Plasmodium species and the degree of their associated negative effects on host nutrition, the magnitude of undernutrition was expected to vary based on the type of Plasmodium or helminth species infecting patients. However, the prevalence of undernutrition was comparable between the current study participants who were infected with different Plasmodium and helminth species. Moreover, a similar proportion of patients who were not infected with helminths or Plasmodium and who were infected with helminths and/or Plasmodium were undernourished. This could be due to the high prevalence of low-level Plasmodium and helminth infections, which may have little impact on host nutrition. Patients who were not infected with helminths or Plasmodium may likely have other bacterial, viral or chronic infections that exacerbate undernutrition. The observation of a similar level of prevalence of undernutrition in patients who were infected and those who were not infected with Plasmodium and helminths also suggests that malnutrition could have resulted in the Plasmodium and helminth infections rather than the reverse. A deficiency in protein energy causes secondary immune dysfunctions that make patients susceptible to helminth or Plasmodium infections [17] [18] [19] . However, a firm conclusion as to whether undernutrition precedes and thus results in Plasmodium and helminth infection cannot be made due to the cross-sectional nature of the current study.
Although the study population was homogenous in many aspects, minor differences in socio-economic status or dietary intake may be limitations of the present study. In addition, the status of bacterial, viral or other chronic infections and possible genetic confounding factors were not assessed in the current study. As this was a cross-sectional study, it is not possible to draw a clear conclusion of the magnitude of undernutrition attributed to Plasmodium and helminth infection. The number of patients co-infected with different species of Plasmodium and helminths who were in different age and sex groups was small. Thus, the nature of the association between Plasmodium and helminth infection and undernutrition was not evaluated with regard to the specific type of undernutrition (underweight, stunting or wasting), age and sex groups. Future studies could address these limitations to make firm conclusions about the impact of Plasmodium and helminth infections on the nutritional status of individuals.
In conclusion, the prevalence of undernutrition was comparable between patients infected with Plasmodium or helminths alone and those coinfected with Plasmodium and helminths in Dore Bafeno Health Center, Southern Ethiopia. However, further studies are recommended in areas of intense transmission where both parasites are co-endemic to determine whether the impact of Plasmodium and helminth co-infection on undernutrition is additive or multiplicative.
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